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Figure S1. Generation of the S. ghanaensis MO12 strain a. Southern analysis of BamHI digests of
total DNA of wild type S. ghanaensis (lane 2) and MO12 strain with disrupted moeGT3 (lane 3).
Lane 1 — mixture of plasmids pMO12, pMO14 and pOOBS58 underdigested with Pstl. b. Bioassay
of semipurified extracts from 1g (wet weight) of mycelia of wild type strain (WT) and MO12. c.
Scheme of moeGT3 disruption in the S. ghanaensis genome. H and E mark Hindlll and EcoRI

sites, respectively.



MSD1 1418, EIC=1418:1419 (BOHDANWZ2070708.D0) API-ES, Neg, Scan, Frag: 70

T T T T T T T
0 25 5 75 10 12.5 15 17.5 mir|

MSD1 1322, EIC=1322:1323 (BOHDANW2070708.0) API-ES, Neg, Scan, Frag: 70

1] 25 5 7.5 10 12.5 15 17.5 min|
b. C.
*MSD1 SPC, time=0.124:9.192 of BOHDANW2070708.0 API-ES, Neg, Scan, Frag: 70 *MSD1 SPC, time=10.012:10.086 of BOHDANW20707028.0 API-ES, Neg, Scan, Frag: 70
o H N HO o ) Hyl N HO P
100 0 s
HOQ NH OH NH2 HO @, NH,
26 2 P8 &w AP 2 &v e
Ho o H
NHACO, 0 ’ 7 O N, 20
o o 0 50 o O o
M/\'r\w [ )\W 7

COH COH —>

80
HN HO,
o o 50
Ho O NH,
0 0 0
A AN
Ho 1)
1 6 NHAC NHACO, 20
o o
60 § S 2 e 40
coH

Rl

HQN)HHO
oL O
wo, ©

4 0 o
30 2 8 H%Oﬁ/o

l s NHAc P¢0
b i Q O O
¥ S S = e

27 (do) K o

11466

26(dc)

7088

20 4

590.0
1715

1051.4

— g17a—

(o))

o

-
—_—teeea——— 13805

3

— 14404

T
M
T ST

T T T T T T T T T T T T T T
600 700 800 900 1000 1100 1200 1300 1400 mig 600 800 1000 1200 1400 mig

Figure S2. LC-MS analysis of moenomycin metabolites accumulated by the S. ghanaensis MO12 strain. a.
Selected ion chromatograms of the purified extracts. b. The final product is moenomycin C, (26) having Rt 9.2
min. ¢. The strain also accumulates its precursor lacking the A ring (27; Rt 10.0 min). Peaks corresponding to
trisaccharide and disaccharide fragments of moenomycin C, (16 and 28, respectively) are observed. 16d is the
decarbamoylated derivative of 16. 26(dc) and 27(dc) are doubly charged ions of 26 and 27, respectively.
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Figure S3. LC-MS exact mass analysis of moenomycin metabolites accumulated by the S. ghanaensis
MO12 strain. Instrumentation and conditions are described previously. a. The final product is moenomycin
C, (26) b. The strain also accumulates its precursor lacking the A ring (27).
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Figure S4. LC-MS analysis of moenomycin metabolites accumulated by the S. lividans TK24 AmoeN5 strain. a.
Selected ion chromatograms of the purified extracts. . b. The final product is compound 5 having Rt of 4.2 min.
c. The strain also accumulates monosaccharide precursors 9 and 10 ( Rt 4.7-4.8 min). Structure of 5 is shown in
Fig. 1b and structures of 9, 10, 11, 18, and 19 are shown on Fig. 2. 29d is the descarbamoylated derivative of 29.
5(dc) is doubly charged ion of 5.
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Figure S5. LC-MS exact maés analysis of moenomycin metabolites accumulated by the S. lividans TK24 A
moeNS5 strain. Instrumentation and conditions are described previously. a. The exact mass of proposed
intermediates 18, 19 and 29 were observed. The strain accumulates both the acid (b. 6) and the amide (c., 5)

forms of the final C15 pentasaccharide.
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Supplementary Figure S6. a. ESI-MS2 spectrum of a mixture of compounds 5 and

4 954 PE26 1023/p

920.2557
1

900 S20 940 960 930 1000 1020 1040

OH

o —> AcNH X

647 ._444

L

m/z 822

6 produced by the S.

lividans AmoeN5 strain. b. The observed fragmentation pathway of the compounds.
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Figure S7. LC-MS analysis of moenomycin metabolites accumulated by the S. lividans TK24 A
moeGTH4 strain. a. Selected ion chromatograms of the purified extracts. b. The strain accumulates
compound 9 (Rt 4.7 min) or it's equatorial epimer. c¢. Exact mass analysis of compound 9.



d.

MSD1 1079, EIC=1079:1080 (BOHDANYWI4240705.0) API-ES, Neg, Scan, Frag: 70
200000
100000
0 T T T T T T T T
0 25 5 75 10 12.5 15 17.5 miry
MSD1 1122, EIC=1122:1123 (BOHDANW42490705.0) API-ES, Neg, Scan, Frag: 70
50000 } ﬁ/\
0 T T T T T T T T
0 25 5 75 10 125 15 17.5 miry
b. C.
“MSD1 SPC, time=6.994:9.005 of BOHDANDA240705.0  APLES, Neg, Scan. F'ig: o B T0F M3: 4957 to 5,033 min from moe15.miff Agilent, subtracted (12717 to 12.912 min), Centroided Max, 8.7¢5 count
100 4 S 11234625
20d Max: 250976 4000
3800
3600
3900
20
3200
3000
2800
2600
0
,
E 20 < 11244825
2 3
< g 2000
= £ 1800
a0 4
1600
1200
3
i 1200
: 1000 20
20 @ 3 11254830
2 800
11225008
600
\ 400’
0 __.AJ. R P Yo ...._.L.IL._ ,..v_._L._ [eeN \..v_.__k L I . —————imm i As e B .. »
s 1200 11210 2o 11280 11240 1250 1280 11270 1280 11200
500 00 1000 1200 1400 mig Wz, amy

Figure S8. LC-MS analysis of moenomycin metabolites accumulated by the S. lividans TK24 AmoeGT5
strain. a. Selected ion chromatograms of the purified extracts. b. The final product is compound 20 (Rt
10.4 min). The strain also accumulates its descarbamoylated derivative 20d. c¢. Exact mass analysis of
compound 20.
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Supplementary Figure S9. a. ESI-MS2 spectrum of compound 20 (Rt 10.4 min) produced by the S.
lividans AmoeGTS5 strain. b. The observed fragmentation pathway of 20.
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Figure $10. LC-MS analysis of moenomycin metabolites accumulated by the S. lividans TK24 A
moeGT5AmoeGT3 strain. a. Selected ion chromatograms of the purified extracts. b. The final
product is compound 11 (Rt 4.8 min). The strain also accumulates its desmethylated precursor 9
(Rt 4.7 min) or equatorial epimer. ¢. Exact mass analysis of the final compound 11.
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Figure S11. LC-MS analysis of moenomycin metabolites accumulated by the S. lividans TK24 AmoeGT2
strain. a. Selected ion chromatograms of the purified extracts. b. The final product is compound 22 (Rt 10
min). The strain also accumulates the precursors to 22: 20 and 20d. c¢. Exact mass analysis of compound

22.
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Figure S12. LC-MS analysis of moenomycin metabolites accumulated by the S. lividans TK24
AmoeHS5 strain. a. Selected ion chromatograms of the purified extracts. b. The final product is
compound 24 (Rt 9.3 min). 24(dc) is doubly charged ion of 24. c¢. Exact mass analysis of

compound 24.
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b. The observed fragmentation pathway of the compound 24.
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Figure S14. LC-MS analysis of moenomycin metabolites accumulated by the S. lividans TK24 A
moeH5 strain overexpressing the moeRS gene. a. Selected ion chromatograms of the purified
extracts. b. The strain accumulates both 24 and 23. 24(dc) and 23(dc) are doubly charged ions of
24 and 23, respectively. ¢. Exact mass analysis of compounds 23 and 24.



d.

MSD1 564, EIC=564:565 (BOHDANW3080702.0+BSB) API-ES, Neg, Scan, Frag: 70
800

600
400 J
"y
e 1 h!]ll.h | I" "-".\!\ L

T
0 25 5 75 10

b.

*MSD1 SPC, time=3.978:4.107 of BOHDANW1170702.0 API-ES, Neg, Scan, Frag: 70

565.2

100 +

Max: 5594

80

60

20 o

@
@
@
©

7942 7994

© N

3
I
©

LAHIJMIIA TLJ.AMH..L h }

7542

_———199914— 1088.3

o

T T T T
500 B 800 1000 1100 1200 1300 1400 m/4q

B .70F MS: 1,440 to 1661 min from WoidistData3 wiff Agilent, subtracted (2.885 to 3.080 min), Centroided Max. 1.3¢5 counts.

Intensity, counts

50000

565.2055

8

666.2003

5672124

0 T T T T T ™ T
5646 5648 5650 6662 6B54  6BSG 6668  GBBO 4862 6664 6666 G668 5670 G672 6674 GE7E 6678 4GB0

miz, amu

Figure S$15. LC-MS analysis of moenomycin metabolites accumulated by S. lividans TK24 AmoeF5
strain. a. Selected ion chromatograms of the purified extracts. b. The strain accumulates
compound 8 (Rt 3.9 min). ¢. Exact mass analysis of compound 8.
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Figure $16. LC-MS analysis of moenomycin metabolites accumulated by the S. lividans TK24 A
moeKb5 strain. a. Selected ion chromatograms of the purified extracts. b. The strain produces
compound 4 (Rt 9.6 min), a demethylated analog of 3. 6d is the descarbamoylated analog of 4;
4(dc) is doubly charged ion of 4. ¢. Exact mass LCMS analysis of compound 4.
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Supplementary Figure S17. a. ESI-MS? spectrum of compound 4 produced by the S. lividans
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fragmentation pathway of the compound.
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Figure $18. LC-MS analysis of moenomycin metabolites accumulated by the S. lividans TK24 AmoeA5AmoeB5
strain. a. Selected ion chromatograms of the purified extracts. b. The final product is 3 (Rt 9.9 min). Peaks
corresponding to tetra- and trisaccharide precursors 22 and 20 (as well as their descarbamoylated (d) analogs)
are also observed. 3(dc) is doubly charged ion of 3. ¢. Exact mass analysis of compound 3.
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Figure S$S19. LC-MS analysis of moenomycin metabolites accumulated by the S. lividans TK24 AmoeA5moeB5
strain overexpressing moeR5 gene. a. Selected ion chromatograms of the purified extracts. b. The strain
accumulates known compound 25. 25(dc) is the doubly charged ion of 25 (Rt 10 min). ¢. Exact mass
analysis of compound 25.
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Figure S20. LC-MS analysis of moenomycin metabolites accumulated by S. lividans TK24 co-expressing
moe clusters 2 (pOOB64b) and 1 (except for moeR5 and moeS5 genes). a. Selected ion
chromatograms of the purified extracts. b. The final product is pholipomycin (2, Rt 9.3 min). 2(dc) is
doubly charged ion of 2. ¢. Exact mass analysis of compound 2.
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Figure S21. SDS-PAGE analysis of a. SUMO-MoeO5, b. Trx-MoeES5, and ¢. MoeGT1
following purification via IMAC chromatography as described in Materials and Methods (12%

gels).
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Figure S22. LC/MS analysis of the MoeO5 catalyzed reaction between farnesyl pyrophosphate and 3-
D-phosphoglycerate. a. Selected ion chromatograms of a 50 L reaction. b. Compound extracted
chromatogram from Agilent 6200 and exact mass of compound 7.



Figure S23. Relevant 1D
NOESYs of compound 7.
Interactions are shown.
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Figure S24. LC/MS analysis of the MoeGT1 catalyzed reaction between compound 7 and UDP-
glucuronic acid. a. Selected ion chromatograms of a 50 uL reaction. b. The final product is
compound 8. Some starting material 7 is also present. ¢. Exact mass analysis of compound 8.
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Figure S25. LC/MS analysis of the MoeGT1 catalyzed reaction between compound 7 and epimeric mixture of
UDP-glucuronic acid and UDP-galacturonic acid. a. Selected ion chromatograms of a 50 pL reaction. b. The
final product is compound 8. 8(dc) is the doubly charged ion of 8. Some starting material 7 is also present.



